Introduction
Long anterior zonules (LAZ) are characterized by the presence of crystalline lens zonules central to the normal insertion zone on the anterior capsule ( Fig. 1) , (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) sometimes resulting in a very reduced zonule-free zone (Fig. 2) . Although LAZ may occur with late-onset retinal degeneration (L-ORD), (1;13) another variety occurs apart from L-ORD, most commonly in older, hyperopic women. (2;3;5-11) LAZ often become pigmented due to contact with the posterior iris, and other pigment dispersion signs are also common ( Fig. 3 ) that can be confused with "classic" pigment dispersion syndrome. (3;4;8-11;14;15) Possibly, there is elevated risk for glaucoma in LAZ eyes, but definitive association is unknown.
In addition to openangle mechanisms, narrow-angle mechanisms might also increase the likelihood of glaucoma in LAZ eyes (Fig. 4) . (16) Observations of hyperopia with LAZ are consistent with increased risk of angle-closure but no information currently exists about other ocular parameters.
Therefore, we began study of ocular dimensions in LAZ eyes.
Methods
Subjects were recruited from a single, urban, eye care facility in Chicago, Illinois, USA, and those selected for analysis presented as part of a larger investigation exploring the LAZ phenotype, co-morbidity associations, and potential heredity. The vast majority of the LAZ subjects were identified from a database developed over a 10-12 year period through the provision of routine eye care in the facility's primary eye care service. Four of the LAZ inclusion subjects, with diagnoses including diabetic retinopathy, retinoschisis, macular degeneration, and central retinal vein occlusion, were initially identified and referred to the study from the Retina Service, but no other subjects were referred from any specialty service.
LAZ participants responded to a mailed invitation, and only African-Americans (self-report)
were studied due to institutional patient demographics. The criterion for LAZ was zonule fibers present >1.0 mm central to the normal zonule termination zone on the anterior lens surface ( Fig. 1) , and we excluded eyes with <5 LAZ to ensure definitive cases. Eyes with prior trauma or surgery were excluded, except for those having laser iridotomy for narrow angles.
Controls were frequency-matched to cases on race, gender, and age (5-year increments), and were derived from a database of more than 5,500 consecutive patients examined by five practitioners who screened for LAZ from 1999 to 2001 during provision of primary eye care.
Potential controls were excluded if there was history of trauma, ocular surgery, or other significant eye disease. Possible inclusions were sent mailed invitations.
Testing included ocular/medical history, extraocular muscle testing, Randot™ stereopsis, To prevent diminution of subjects, imputations were carried out for missing data values by using the mean values of existing data for each subject group. There were only two instances in which either eye of a case/control group had more than two missing values. This included 9-10 missing CCC values for both eyes of LAZ subjects and four missing AL values for LAZ subject right eyes.
To examine variables, distributions were checked, and simple group comparisons were made using the Student's t test. Right and left eyes were evaluated separately due to lack of independence and to provide experimental check for consistency. Multiple logistic regression was used to check for residual age confounding and to explore variable combinations for predictive relationships with LAZ presence. Explanatory variables were checked for correlation and interaction, and the likelihood ratio test was used to help select final models.
Analyses were carried out using SAS ® Statistical Program, Version 9.2 for Microsoft Windows ® (Cary, NC). Institutional Review Board approval was obtained for this research.
Results
There were 191 LAZ subjects in the existing dataset at time of analysis, and 72 (mean age + SD=70.5 + 9.6 years; range=51-92 years) participated in the larger LAZ study. Eleven (mean age=81.0 + 6.7 years, 69-88 years, 9 females) of these 72 were excluded from the current analysis, four because they had cataract surgery, and seven due to no matched 
Discussion
In addition to a relationship with hyperopia, (7) (8) (9) this study also finds a LAZ association with shorter axial length. The finding that LAZ eyes tend to be shorter is not surprising, but requires formal study nonetheless. Significance of hyperopia and shorter axial length is related to known association with angle-closure glaucoma, (18) (19) (20) (21) as are older age and female gender, (22) which have consistently been found with LAZ in our clinic population. (7) (8) (9) Thus, based on observations to date, at least certain characteristics of African-American LAZ subjects, i.e., older age, female gender, hyperopia, and shorter axial lengths, are similar to classic descriptions of people who develop primary angle-closure glaucoma. (23) Although steeper anterior surface CCC has been reported with angle-closure glaucoma in some subject groups, (21;24) our LAZ subjects did not exhibit this tendency. Alternatively, while controlling for AL, we found CCC was significantly more likely to be flatter among LAZ cases than controls, an observation that may be consistent with higher hyperopic refractive error. The contribution of other ocular components will be needed to fully understand this. In our current study, the ability to accurately measure other ocular parameters, such as anterior chamber depth and lens thickness, was constrained by our measurement method.
Angle-closure glaucoma is a complex disease with clinical variation from one population to another, and its incidence varies among ethnic groups. (25) (26) (27) Acute angle-closure is less common in blacks, who may tend to develop chronic angle-closure when it does occur. (27;28) We did not classify our subjects in terms of acute or chronic angle-closure among those who had it because the histories were not always clear. Although it is a goal to determine the level of open-angle and narrow-angle glaucoma risk among LAZ eyes, this information cannot be inferred from our type of data.
In addition to shorter axial lengths, angle-closure risk may be further increased if plateau iris configuration is truly more likely to occur in LAZ eyes. (16) Plateau iris, which can cause angle-closure stemming from abnormally positioned ciliary processes, (29) (30) (31) (32) might be likely in LAZ eyes if certain structural changes inherent with LAZ create anomalous traction on the ciliary processes, causing their forward rotation with change in peripheral iris configuration.
The inclusion of only African-Americans in this study reflected study site demographics, and it is not the intent to suggest that LAZ or related features are limited to this group. This is because study at the same facility has suggested similar LAZ prevalence among other groups as well, i.e., about 2.0%. (8) This study further adds to the body of literature that a basic clinical picture is emerging of a common patient phenotype characterized by older age, female gender, hyperopia, shorter axial length, intraocular pigment dispersion, and LAZ. In contrast to the younger age, male gender, myopia, and longer axial length that may characterize classic pigment dispersion syndrome, (33) LAZ subjects usually have characteristics opposite these and could be more likely to develop angle-closure glaucoma, with possible contribution from plateau iris.
Conclusions
LAZ eyes in this African-American dataset tended to be more hyperopic and have axial lengths shorter than control eyes, characteristics that are consistent with elevated risk for angle-closure glaucoma. 
